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SECTION  I 
INTRODUCTION 

The  Naval  Technical  Information  Presentation  Program  (NTIPP)  of  the 
David  W.  Taylor  Naval  Ship  Research  and  Development  Center  is  a  large-scale 
effort  to  improve  the  Navy's  efficiency  in  publishing  technical  information 
supporting  Navy  equipment.  This  program  is  concerned  with  the  generation, 
distribution,  and  control  of  technical  information  needed  for  training, 
maintenance,  equipment  operation,  and  logistic  support.  The  goal  of  the 
program  is  to  define  a  full  set  of  hardware  support  documents,  including  job 
performance  aids  and  learning  aids,  and  to  design  a  state-of-the-art  system 
for  authoring,  composing,  illustrating,  printing,  distributing,  and  updating 
these  documents.  Several  Navy  organizations  are  participating  in  this  effort. 
The  Chief  of  Naval  Education  and  Training  (CNET)  has  a  special  interest  in 
this  program  since  the  resulting  technical  manuals  will  be  used  in  the  CNET- 
managed  "C"  schools,  and  contractor-prepared  training  handbooks  will  be  used 
as  student  and  instructor  guides  in  these  schools  and  in  onboard  training. 

Under  the  sponsorship  of  CNET  and  NTIPP,  the  Training  Analysis  and 
Evaluation  Group  (TAEG)  is  designing  a  series  of  machine  producible  instruc¬ 
tional  formats  for  use  in  training  documents  (Braby,  1979;  Ainsworth,  1979; 
Braby,  Parrish,  Guitard  and  Aagard,  1978)  which  are  compatible  with  the 
learning  guidelines  in  the  Interservice  Procedures  for  Instructional  Systems 
Development  (NAVEDTRA  106A,  1975)  These  are  conceived  to  provide  effective 
supports  for  learning  and  are  designed  to  be  constructed  by  computer  routines 
from  basic  task  information  stored  in  a  digital  data  base. 

The  present  study  is  concerned  with  the  learning  of  equipment  operation 
and  maintenance  procedures  in  the  context  of  technical  training.  Procedural 
activities  constitute  the  largest  percentage  of  involvement  in  most  tasks. 

As  used  here,  procedure  learning  involves  executing  from  memory,  or  with 
simple  published  aids,  a  standard  sequence  of  steps  for  the  assembly,  inspec¬ 
tion,  calibration,  operation  or  service  of  a  piece  of  equipment.  This  type 
of  task  requires  relatively  little  judgment  or  analysis  and  a  minimum  of 
alternative  behaviors.  Manipulating  controls  is  generally  within  the  response 
repertoire  of  the  students;  therefore,  the  emphasis  is  placed  on  the  correct 
sequencing  of  steps,  locating  components  to  be  acted  upon,  positioning  of 
knobs  and  switches,  and  judging  whether  equipment  response  to  these  actions 
is  within  desired  or  published  norms. 

This  report  provides  an  evaluation  of  traditional  and  innovative  ways 
to  present  Information  on  the  learning  of  procedures  that  are  adaptable  for 
use  In  schools  and  in  onboard  training.  It  compares  a  type  of  lesson 
material  used  in  Navy  schools  with  a  type  of  job  aid  being  called  for  in  some 
recent  Department  of  Defense  contracts,  and  an  innovative  type  lesson  material 
based  on  learning  guidelines  in  the  Interservice  Procedures  for  Instruc¬ 
tional  Systems  Development.  It  is  the  second  in  a  series  of  studies  con¬ 
cerned  with  machine  producible  formats  for  low  cost  training  materials.  A 
previously  cited  study  dealt  with  machine  producible  formats  for  symbol 
learning  (Ainsworth,  1979). 
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PURPOSE 

The  purpose  of  this  study  is  to  compare  the  effectiveness  of  three  types 
of  handbooks  utilized  by  students  in  learning  to  perform  procedural  tasks. 

The  handbooks  are  the  traditional  narrative  presentation,  the  job  performance 
aid,  and  the  learning  aid.  The  job  performance  aid  and  learning  aid  repre¬ 
sent  machine  producible  formats  while  the  narrative  presentation  does  not. 
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SECTION  II 
METHOD 

This  section  describes  the  technical  approach  used  to  compare  the  effects 
of  three  types  of  learning  materials  differing  in  format  and  learning  strat¬ 
egies  on  the  ability  of  students  to  perform  a  procedure  following  task  from 
memory.  The  task  was  a  21 -step  equipment  calibration  procedure  that 
Involved  calibrating  the  probe  of  a  Tektronix  545B  oscilloscope.  This 
included  sequences  for  initiating  power  and  obtaining  a  waveform  and  for 
probe  adjustments  to  obtain  the  waveform  shape  for  correct  calibration. 

Information  which  follows  describes  the  subjects  employed,  the  instruc¬ 
tional  materials,  and  the  procedures  used  in  training  and  testing  subjects. 

The  study  design  employed  two  basic  classes  of  students  in  terms  of  aptitude. 
Within  this,  six  groups  were  established  to  account  for  all  combinations  of 
the  types  of  learning  material  and  aptitude  levels. 

All  groups  completed  the  three  phases  of  the  study.  In  the  initial 
phase,  students  read  through  their  assigned  study  materials.  This  was 
immediately  followed  by  a  performance  test  and  a  job  knowledge  test.  In  the 
practice  phase,  students  continued  to  study  the  assigned  materials  until  the 
study  time  in  phases  1  and  2  totaled  90  minutes.  The  retention  phase  began 
after  a  pause  of  7  days,  at  which  time  the  performance  test  was  again  admin¬ 
istered  to  all  students.  This  3x2x3  factorial  design  is  shown  in  figure  1 

SUBJECTS 

The  subjects  were  90  male  enlisted  students  who  were  undergoing  or  had 
just  completed  training  in  the  basic  electricity  and  electronics  (BE&E)  course 
at  the  Naval  Training  Center,  Orlando,  Florida.  They  were  assigned  to  two 
groups  of  45  each  in  terms  of  above  average  and  below  average  aptitude 
scores.  Above  average  aptitude  was  defined  as  a  composite  standard  score 
between  184  and  210  on  the  arithmetic  reasoning  (AR),  word  knowledge  (WK), 
and  spatial  perception  (SP)  subtests  of  the  Armed  Services  Vocational  Aptitude 
Battery  (ASVAB).  This  is  approximately  the  upper  one-third  of  the  student 
distribution.  Below  average  aptitude  was  defined  as  a  composite  standard 
score  between  115  and  147  on  the  same  subtests.  This  is  approximately  the 
bottom  one-third  of  the  student  distribution. 

As  these  students  reported,  they  were  assigned  randomly  to  one  of  the 
three  types  of  instructional  material  groups  in  such  a  way  as  to  keep  the 
numbers  in  the  groups  as  nearly  balanced  as  possible,  until  each  subgroup 
contained  15  students.  None  of  the  students  had  received  formal  training  in 
the  operation  of  the  oscilloscope  or  other  complex  test  equipment. 

MATERIALS 

Three  types  of  handbooks  presented  information  on  the  task  procedure. 

The  handbooks  differed  in  three  ways.  First,  the  amount  of  pictorial  infor¬ 
mation  presented  varied.  This  ranged  from  few  illustrations  (written  words 
described  the  steps  in  the  procedure)  to  highly  illustrated  material  where 
the  pictorials  defined  the  procedure  (written  words  were  used  only  to  clarify) 
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Figure  1  Experimental  Design  and  Testing  Plan 
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Second,  the  handbooks  differed  in  the  extent  to  which  operational  equipment 
was  called  for  in  the  learning  process.  This  varied  from  equipment  being 
used  only  in  testing  to  equipment  being  used  in  each  phase  of  learning  and  in 
testing.  Finally,  the  handbooks  differed  in  the  extent  to  which  they  pro¬ 
vided  guidance  and  support  to  the  student  in  applying  efficient  learning 
principles.  This  ranged  from  no  guidance  to  extensive  coaching  and  support 
in  the  use  of  learning  principles.  The  three  handbook  types  are  described 
bel  ow. 

TRADITIONAL  NARRATIVE  HANDBOOK.  This  21 -page  handbook  has  the  same  format  as 
the  Basic  Electricity  and  Electronics  Student's  Guide  (1978)  currently  in  use 
at  the  BE&E  School,  Orlando,  Florida.  It  presents  a  narrative  discussion  of 
basic  oscilloscope  controls  and  functions  and  enumerates  the  steps  of  the 
probe  calibration  procedure.  This  text  is  used  in  conjunction  with  the 
actual  equipment  so  that  a  student  can  set  up  the  equipment  as  he  reads 
through  the  steps.  A  multiple-choice  job  knowledge  test  is  provided  for  the 
student  to  measure  his  own  understanding  of  oscilloscope  operations  and  con¬ 
trol  functions.  (This  handbook  format  is  shown  in  appendix  A.) 

JOB  PERFORMANCE  AID.  This  20-page  handbook  presents  the  probe  calibration 
procedure  using  photographs  and  printed  directions.  The  primary  means  of 
communicating  the  procedure  is  through  the  illustrations,  and  the  words  are 
used  to  clarify  the  specific  acts  the  technician  must  perform.  The  material 
does  not  contain  practice  exercises  or  self-tests.  An  operational  oscillo¬ 
scope  is  used  only  in  formal  testing.  (This  handbook  format  is  shown  in 
appendix  B.) 

LEARNING  AID.  This  116-page  handbook  presents  the  probe  calibration  procedure 
with  photographs  and  printed  directions  and  contains  practice  exercises  and 
self-tests.  It  implements  seven  guidelines  for  procedure  learning  outlined 
in  Aagard  and  Braby  (1976)  and  in  the  Interservice  Procedures  for  Instruc¬ 
tional  Systems  Development,  Phase  III,  Develop  (NAVEDTRA  106A,  1975J! 

The  21-step  probe  calibration  procedure  is  divided  into  four  sections 
with  three  to  seven  steps  in  each  section.  Exercises  which  help  students 
chain  the  individual  steps  into  a  smooth  sequence  of  events  and  self-tests 
with  performance  feedback  were  incorporated  in  each  section.  A  final  crite¬ 
rion  test  with  answers  is  also  included  to  provide  feedback  to  the  students 
about  their  achievement  in  learning  the  sequence  of  steps.  The  calibration 
procedure  used  a  format  in  which  photographs  and  printed  words  are  the  primary 
and  secondary  communication  channels,  respectively.  The  printed  words  serve 
to  clarify  the  specific  acts  the  technician  must  perform.  The  operational 
oscilloscope  is  used  only  in  formal  testing.  (This  handbook  format  is  shown 
in  appendix  C.) 

The  learning  principles  and  an  explanation  of  their  usage  are  presented 
in  table  1.  A  learning  algorithm  showing  how  these  seven  guidelines  are  com¬ 
bined  and  sequenced  in  the  Learning  Aid  format  is  diagramed  in  figure  2. 
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TABLE  1.  PROCEDURE  LEARNING  GUIDELINES  CARRIED  OUT 
IN  THE  LEARNING  AID 


Learning  Guidelines 


How/Where  Implemented  in  Handbook 


|l.  State  behavioral  objectives  so  that 
they  are  relevant  to  student's 
future  real-world  assignments. 
Describe  how  the  learning  materials 
are  organized  to  achieve  the 
desired  behavior. 

Divide  the  procedural  steps  into 
small  parts  if  students  are  of  low 
ability,  the  procedures  are  com¬ 
plex,  or  the  entire  procedure  is 
lengthy. 

Present  a  demonstration  of  each 
task  performance  on  an  observable 
model . 


|4.  Direct  the  student  to  practice 
the  following: 

a.  When  presented  with  each 

checklist  item  (step),  explain 
or  perform  its  corresponding 
procedural  action. 


b.  When  presented  with  a  group 
of  checklist  items,  explain 
or  perform  their  corresponding 
procedural  actions. 

The  first  item  of  each  group 
should  overlap  the  last  item 
of  the  previously  studied 
group  of  steps. 


Presented  in  "Introduction"  under 
headings  of  "Learning  Objectives," 
"Why  Learn  This  Procedure,"  "Organi¬ 
zation  of  Training  Materials." 

(See  page  74.) 


The  procedure  is  divided  into  four 
sections:  "Turn  Power  On,"  "Get  a 
Trace,"  "Center  the  Trace,"  and  "Tune 
the  Probe."  Each  section  contains 
three  to  seven  individual  steps. 

A  visual  demonstration  of  control 
positioning  is  presented  for  each 
step  in  the  "Training"  exercises 
and  for  all  the  steps  combined  in  the 
"Demonstration"  exercise.  The 
"Step  Sequence  Drill"  also  serves  as 
a  demonstration. 

(See  pages  77  to  92  and  93  to  95.) 


"Check  Your  Memory"  exercises  presented 
after  each  step  carry  out  this  guide¬ 
line.  These  exercises  present  the  step 
name  and  require  the  student  to  recall 
the  action,  equipment  responses,  and  anyl 
special  notes  or  cautions  and  to  act  out' 
the  procedural  action  on  a  large  over¬ 
view  photo  of  the  equipment  control 
panel.  (See  page  90  and  101/102.) 

At  the  end  of  each  "Training"  section, 
the  "Self-Test"  provides  a  list  of 
steps  and  requires  the  student  to 
recall  the  action,  equipment  responses, 
etc.,  and  to  carry  out  the  series  of 
steps  on  the  large  overview  control 
panel.  In  the  "Step  Sequence  Drill," 
the  first  item  of  each  group  overlaps 
the  last  item  of  the  previous  group. 

(See  pages  93  to  95  and  101/102.) 
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TABLE  1 .  PROCEDURE  LEARNING  GUIDELINES  CARRIED  OUT 
IN  THE  LEARNING  AID  (continued) 


Learning  Guidelines 


How/Where  Implemented  in  Handbook 


c.  When  presented  with  a  single 
list  of  all  the  checklist  items 
(entire  procedure),  explain  or 
perform  their  corresponding 
procedural  actions. 


p.  Early  in  training  use: 

a.  Immediate  and  frequent 
knowledge  of  results  (KOR). 


Immediate  and  frequent 
reinforcement. 


c.  Little  or  no  operational 
distractors. 


d.  Guiding  and  prompting 
student  responses. 


The  "Final  Test"  presents  all  checklist 
items  and  requires  students  to  perform 
the  same  recall  and  act-out  exercises 
as  the  "Self  Tests"  mentioned  for  the 
previous  guideline.  A  final  "Step 
Sequence  Drill"  is  included  to  insure 
practice  of  the  entire  procedure. 

(See  pages  96  to  101/102.) 


An  opportunity  for  KOR  is  provided  after 
each  step  via  the  "Check  Your  Memory" 
exercises.  After  completing  the  exercise 
students  are  directed  to  immediately  turn 
back  to  the  page  the  step  was  presented 
on  in  order  to  check  their  answers. 

Answer  pages  and  directions  of  how  and 
when  to  use  them  are  also  provided  for 
the  "Self-Tests."  "Final  Test,"  and 
"Step  Sequence  Drills."  (See  pages 
90,  95,  and  97.) 

No  overt  reinforcement  techniques  are  used 
It  is  intended  that  reinforcement  will 
occur  when  students  receive  knowledge  of 
correct  answers. 

This  is  accomplished  by  training  with 
paper  and  pencil  instead  of  the  actual 
equipment.  The  learning  exercises  are 
highly  controlled  and  present  isolated 
information.  The  training  is  removed 
from  the  operational  setting. 

Guides  and  prompts  are  provided  in  the 
"Check  Your  Memory"  exercises,  "Self- 
Tests"  and  "Final  Test"  in  the  form  of 
key  words  like  "action,"  "response." 

Visual  prompts  are  provided  in  the  form 
of  arrows  in  the  "Step  Sequence  Drill" 
to  aid  in  recall  of  step  locations. 

(See  pages  90,  96,  and  94.) 


9 


TAEG  Report  No.  84 


TABLE  1 .  PROCEDURE  LEARNING  GUIDELINES  CARRIED  OUT 
IN  THE  LEARNING  AID  (continued) 


6.  Identify  features  of  the  opera¬ 
tional  environment  which  could  be 
used  as  mediators  to  trigger  the 
student's  recall  of  checklist 
items. 


7.  Arrange  for  extensive  repetition 
(overlearning)  by  the  student  to 
take  advantage  of  the  internal 
feedback  properties  generated 
by  performing  positioning 
movements  accompanied  by 
external  feedback. 


Critical  equipment  responses  are  iden¬ 
tified  for  relevant  steps  in  the 
"Training"  sections.  Photographs  of 
the  control  dials  serve  as  visual  cues 
to  aid  in  recall  of  control  settings. 
(See  page  91.) 

Acting-out  on  the  overview  used  in 
the  "Check  Your  Memory,"  "Step  Sequence 
Drill,"  "Step-Tests,"  and  "Final  Test" 
provide  extensive  repetition  and  an 
initial  level  of  proprioceptive 
cues  that  are  intensified  and  trans¬ 
ferred  to  the  actual  equipment  in  later 
stages  of  training.  (See  page  90.) 


Figure  2.  Learning  Algorithm  for  Learning  Aid 
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PROCEDURE 

Students  were  individually  scheduled  for  training  and  testing.  As  each 
arrived,  he  was  told  he  would  be  participating  in  an  evaluation  of  alterna¬ 
tive  instructional  materials.  (Instructions  to  the  students  are  presented 
in  appendix  D.) 

INITIAL  STUDY  PHASE.  At  the  beginning  of  the  first  study  session,  students 
in  each  of  the  three  training  groups  were  told  to  study  carefully  their 
respective  handbooks  one  time  through.  The  amount  of  time  it  took  each 
student  to  complete  this  task  was  recorded.  At  the  end  of  this  session, 
students  were  given  a  performance  test  which  required  that  they  carry  out 
from  memory  on  an  actual  oscilloscope  the  calibration  procedure  just  studied. 
Measures  of  performance  were:  time  to  complete  the  task,  accuracy  of  control 
settings,  and  correctness  of  step  sequencing. 

A  multiple  choice  Job  Knowledge  Test  was  also  administered  to  collect 
data  on  the  amount  of  job  related  information  the  students  learned  from  their 
respective  study  material.  (Appendix  E  provides  a  copy  of  the  Job  Knowledge 
Test. ) 

PRACTICE  PHASE.  After  the  Initial  Study  Phase,  each  student  was  given  a 
practice  session.  The  amount  of  time  a  student  was  allowed  during  this  phase 
was  that  which  remained  after  subtracting  the  amount  of  time  required  to 
complete  the  initial  study  phase  from  the  90  minutes  allotted  for  total 
training.  In  this  session,  subjects  were  told  to  re-study  their  training 
materials,  paying  particular  attention  to  the  steps  they  missed  on  the  per¬ 
formance  test.  In  both  the  initial  study  and  practice  sessions,  the  experi¬ 
menter  closely  monitored  the  subjects--providing  assistance  if  they  had  any 
problems  and  ensuring  that  the  textbooks  were  used  correctly.  At  the  end  of 
this  phase,  subjects  were  again  required  to  perform  the  calibration  procedure 
on  the  oscilloscope.  Time  to  complete  the  task,  control  setting  errors,  and 
step  sequence  errors  were  again  recorded. 

RETENTION  PHASE.  When  training  was  completed,  the  students  were  told  that 
they  would  return  in  1  week  to  take  a  s#hort  performance  test.  They  were 
reminded  not  to  mentally  rehearse  the  p'rocedure.  Since  the  particular  oscillo¬ 
scope  model  used  in  the  study  was  not  available  at  the  BE&E  School,  the 
students  had  no  opportunity  to  practice  on  the  equipment  or  study  related 
technical  manuals.  At  the  beginning  of  the  retention  testing  session,  the 
students  were  given  2  minutes  to  look  at  the  oscilloscope  and  familiarize 
themselves  with  the  control  panel.  They  were  then  asked  to  perform  the 
calibration  procedure.  The  same  performance  measures,  time  to  complete  task, 
control  setting,  and  sequence  errors,  were  again  recorded. 
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SECTION  III 
RESULTS 

The  relative  effectiveness  of  the  three  types  of  instructional  material 
is  discussed  in  this  section.  The  outcomes  are  described  in  terms  of  per¬ 
formance  errors,  performance  time,  and  scores  on  a  job  knowledge  test. 

PERFORMANCE  ERRORS 

The  results  clearly  indicate  the  superiority  of  th$  Learning  Aid  format 
for  teaching  an  equipment  calibration  procedure.  Summaries  of  the  statistical 
analyses  employed  are  provided  in  appendix  F.  The  groups  using  the  Learning 
Aid  performed  the  calibration  procedure  with  significantly  fewer  errors  than 
did  the  groups  that  used  the  Job  Performance  Aid  or  the  Traditional  Narrative 
Handbook.  The  use  of  the  Traditional  Narrative  Handbook  resulted  in  the 
poorest  performance.  Figure  3  shows  the  average  errors  for  all  trials  made 
by  students  assigned  to  each  training  method. 

Both  lower  and  higher  aptitude  students  performed  best  using  the  Learning 
Aid,  and  each  aptitude  group  was  least  effective  when  using  the  Traditional 
Narrative  Handbook.  These  relative  performance  levels  were  maintained  during 
the  three  calibration  trials;  i.e.,  initial  learning,  after  practice,  and  the 
retention  test.  The  average  number  of  errors  on  the  three  trials  for  each 
combination  of  aptitude  level  and  training  method  is  presented  in  figure  4. 

The  higher  aptitude  groups  did  better  than  lower  aptitude  groups  with 
each  type  of  instructional  material.  However,  format  influenced  the  lower 
aptitude  students’  performance  to  the  extent  that  after  they  studied  the 
Learning  Aid  they  made  fewer  errors  than  did  the  higher  aptitude  students  who 
studied  the  Traditional  Narrative  Handbook.  Figure  4  graphically  presents 
the  differences  in  student  performance,  as  a  function  of  the  formats,  on  the 
three  calibration  tests. 

TIME  TO  PERFORM 

Student  aptitude  and  amount  of  practice  significantly  affected  the 
amount  of  time  it  took  to  perform  the  calibration  procedure.  On  the  average, 
higher  aptitude  students  performed  the  task  faster  than  lower  aptitude  students. 
In  addition,  the  amount  of  time  it  took  students  to  perform  the  procedure 
decreased  from  the  first  performance  test  to  the  second  and  increased  from 
the  second  performance  test  to  the  retention  test.  A  summary  of  the  statis¬ 
tical  analysis  of  performance  time  is  contained  in  appendix  F. 

JOB  KNOWLEDGE  TEST 

Both  student  aptitude  and  instructional  material  signficantly  affected 
performance  on  the  Job  Knowledge  Test.  As  expected,  students  who  used  the 
Traditional  Narrative  Handbook  made  fewer  errors  than  students  who  studied 
either  the  Learning  Aid  or  Job  Performance  Aid.  The  latter  effect  is  most 
likely  due  to  the  relationship  between  the  method  of  presenting  information 
to  be  learned  and  the  form  of  testing  the  students'  knowledge  of  that  infor¬ 
mation.  The  Learning  Aid  and  Job  Performance  Aid  formats  made  extensive  use 
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Figure  4.  Mean  Errors  per  Phase  as  a  Function  of 
Training  Method  and  Aptitude  Level 
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of  visual  information  while  the  Traditional  Narrative  Handbook  relied  heavily 
on  verbal  information.  The  Job  Knowledge  Test,  of  course,  is  oriented  toward 
verbal  information.  Similarly,  students  of  above  average  aptitude  made  fewer 
errors  on  the  Job  Knowledge  Test  than  the  below  average  aptitude  students. 

Table  2  presents  the  average  Job  Knowledge  Test  scores  for  each  combina¬ 
tion  of  aptitude  level  and  type  of  instructional  material.  Lower  aptitude 
groups  averaged  61  percent  correct  items  on  the  Traditional  Narrative  Handbook 
and  the  Learning  Aid  and  55  percent  on  the  Job  Performance  Aid.  Scores  in 
this  range  are  usually  considered  unsatisfactory.  Even  the  average  performance 
of  higher  aptitude  students  might  be  considered  marginal  in  a  criterion 
referenced  test. 


TABLE  2.  PERCENT  OF  ITEMS  CORRECT  ON  THE  JOB  KNOWLEDGE  TEST 


Traditional 
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Handbook 
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Aid 

Learning 
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Lower  Aptitude  Students 

61% 

55% 

61% 

Average  Scores 

74% 

64% 
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SECTION  IV 

CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 

The  Learning  Aid  format  is  superior  to  the  Traditional  Narrative  Hand¬ 
book  and  the  Job  Performance  Aid  for  teaching  procedures  when  the  goal  is  to 
have  students  learn  to  accurately  perform  a  procedure  from  memory.  The 
Learning  Aid  format: 

.  is  suited  for  use  with  students  of  either  above  average  or  below 
average  aptitude 

.  results  in  superior  learning  and  retention  compared  to  the 
traditional  methods  after  1  week 

.  requires  less  hands-on  equipment  time  than  traditional  methods 
to  accomplish  this  type  training  task. 

However,  if  the  goal  is  to  teach  verbal  information  about  a  procedure,  such 
as  nomenclature  and  system  theory  as  measured  in  classroom  paper  and  pencil 
tests,  none  of  the  formats  appear  to  be  adequate. 

RECOMMENDATIONS 

Training  materials  designed  to  teach  students  to  perform  equiprttent 
operating  and  maintenance  procedures  from  memory  should  be  constructed  accord¬ 
ing  to  the  Learning  Aid  format.  It  is  specifically  recomnended  that: 

.  The  CNET  Instructional  Program  Development  Centers  should  use 
Learning  Aid  type  formats  when  the  goal  is  to  train  beginning 
students  to  perform  procedures  from  memory.  These  learning  aids 
support  the  initial  phase  of  learning  and  their  use  should  be 
followed  by  hands-on  practice. 

.  Training  exercises  in  the  Learning  Aid  should  teach  verbal  infor¬ 
mation  about  the  procedure  if  this  information  must  be  recalled 
by  the  students. 

.  The  Naval  Technical  Information  Presentation  Program  (NTIPP)  should 
adopt  the  Learning  Aid  format  as  a  standard  for  presenting  proce- 
duralized  instructions  when  the  goal  of  training  is  to  have 
beginning  students  perform  a  procedure  from  memory.  This  format 
with  its  training  exercises  may  be  especially  useful  for  onboard 
training  materials. 

Current  success  being  experienced  in  using  the  learning  guidelines  in  the 
Interservice  Procedures  for  Instructional  Systems  Development  as  a  guide  in 
formatting  information  to  teach  procedures  and  symbols  points  to  the  desir¬ 
ability  of  continuing  this  effort  for  still  other  conroon  types  of  job  tasks. 
Immediate  attention  should  be  given  to  presenting  information  on  systems 
theory  and  nomenclature,  rule  learning,  classifying  patterns,  and  tactical 
decision  making. 
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OVERVIEW 
LESSON  I 


Operation 

In  this  lesson,  you  will  study  and  learn  about  the  names  of  the  oscilloscope 

control  knobs  and  what  they  do.  You  will  also  learn  how  to  calibrate  a  10X 

test  probe  used  in  conjunction  with  the  oscilloscope. 

ENABLING  OBJECTIVE(S) : 

When  the  student  completes  this  lesson,  he  will  be  able  to: 

1.  IDENTIFY  the  function  and  effect  of  the  ON-OFF,  Focus,  Intensity,  Scale 
Illumination,  Astigmatism,  Horizontal  Position,  Volts/Cm,  Variable  Volts/ 
Cm,  Vertical  Position,  AC/DC  coupling.  Amplitude  Calibrator,  Trigger  Slope, 
Triggering  Mode  and  Mode  controls  with  respect  to  an  oscilloscope  presenta¬ 
tion  by  matching  the  front  panel  controls  to  their  functions  and  to  their 
effects. 

2.  CALIBRATE  a  10X  probe,  given  an  uncalibrated  10X  probe  and  an  oscilloscope. 

3.  IDENTIFY  the  steps  in  the  procedure  used  to  calibrate  a  10X  probe. 


SUMMARY 
LESSON  I 


Operation 


The  most  versatile  piece  of  test  equipment  available  to  the  technician  is  the 
oscilloscope.  The  oscilloscope  enables  the  technician  to  see  what  Is  actually 
taking  place  in  a  circuit  by  graphically  displaying  voltage  amplitude,  wave 
shape,  phase,  and  frequency. 

The  basic  controls  and  their  functions  are  the  same  for  most  oscilloscopes, 
the  only  difference  is  the  way  they  are  named. 


Summary 


Lesson  1 


The  following  is  a  brief  list  of  the  controls  for  the  oscilloscope  shown  in 
Figure  1  and  their  functions. 

On/Off  (power)  switch  energizes  the  oscilloscope  and  controls  all  functions  of 
the  oscilloscope  by  controlling  the  power. 

INTENSITY  control  varies  the  intensity  of  the  line  trace  from  very  bright  to 
so  dim  it  can't  be  seen. 

If  you  have  a  blurred  or  fuzzy  line  trace  the  FOCUS  and  ASTIGMATISM  controls 
will  remedy  the  problem.  The  FOCUS  control  varies  the  concentration  of  the 
electron  beam  to  give  a  sharply  defined  trace.  The  ASTIGMATISM  control  varies 
the  point  at  which  the  electron  beam  converges  to  improve  trace  definition. 

The  brightness  of  the  graticule  or  scale  on  an  oscilloscope  is  controlled  by  the 
SCALE  ILLUMINATION  control. 

The  horizontal  controls  consist  of  the  HORIZONTAL  DISPLAY,  5X  MAGNIFIER,  TIME/CM, 
VARIABLE  TIME/CM,  and  the  HORIZONTAL  POSITION  controls. 

The  HORIZONTAL  DISPLAY  selector  determines  what  time  base  (A  or  B)  will  be  used. 
It  also  determines  what  modes  the  time  base  will  be  used  in. 

The  5X  MAGNIFIER  switch,  when  set  to  the  ON  position,  causes  the  horizontal 
portion  of  the  display  to  be  magnified  five  times  wider  than  normal. 

The  TIME/CM  control  essentially  govern  the  speed  at  which  the  sweep  moves  across 
the  CRT  scale. 

The  VARIABLE  TIME/CM  switch,  when  at  "calibrated,"  serves  to  hold  the  value  set 
by  the  TIME/CM  selector  constant  so  that  the  speed  at  which  the  sweep  moves 
across  the  screen  does  not  fluctuate. 

The  HORIZONTAL  POSITION  control  does  nothing  more  than  move  the  sweep  from  left 
to  right.  It  also  has  a  course  and  fine  tuning  feature. 

The  vertical  section  is  comprised  of  the  VOLTS/CM,  VARIABLE  VOLTS/CM,  AMPLITUDE 
CALIBRATOR,  and  the  VERTICAL  POSITION  controls. 

The  VOLTS/CM  selector  states  how  many  volts  are  represented  by  each  centimeter 
on  the  vertical  portion  of  the  CRT  scale.  It  essentially  governs  the  size  of 
the  displayed  waveform. 

The  VARIABLE  VOLTS/CM,  when  set  at  "calibrated,"  keeps  the  value  set  by  the 
VOLTS/CM  selector  constant  so  that  the  size  of  the  displayed  waveform  does  not 
fluctuate. 

The  AMPLITUDE  CALIBRATOR  determines  the  peak-to-peak  voltage  of  the  square  wave 
available  at  the  CAL  OUT  connector. 

The  VERTICAL  POSITION  control  moves  the  presentation  up  and  down  on  the  screen. 
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Summary 


Lesson  I 


In  order  to  have  a  stable  sweep  the  oscilloscope  must  be  synchronized  with  a 
trigger. 

The  TRIGGER  SLOPE  control  provides  triggers  from  these  places: 

The  INT  position  gives  an  internal  trigger  from  the  oscilloscope  itself. 

The  EXT  position  makes  provisions  for  connecting  an  external  signal  of  your 
choice  to  the  oscilloscope. 

The  LINE  position  provides  a  60  Hz  trigger  to  the  oscilloscope. 

The  +/-  for  each  source  determines  if  the  waveform  will  trigger  on  the  positive 
or  negative  portion  of  a  signal. 

The  TRIGGERING  MODE  determines  what  part  of  the  triggering  signal  will  start  the 
sweep. 

The  MODE  selector  determines  in  what  form  the  waveform  will  be  displayed  on 
the  CRT. 

The  AC/DC  coupling  switch  can  be  used  to  block  out  the  DC  portion  of  the  input 
signal . 

A  method  of  connecting  the  signal  being  measured  to  the  oscilloscope  is  needed. 
For  this  purpose  a  test  probe  is  used,  more  notably  a  10X  probe.  See  Figure  2. 

The  10X  probe  attenuates  (decreases)  the  signal  by  a  factor  of  10;  therefore, 
you  must  multiply  by  10  to  get  a  true  voltage  measurement.  The  10X  probe  has 
an  internal  adjustable  capacitor  for  impedance  matching  the  probe  to  the 
oscilloscope.  This  matching  is  called  calibration  and  must  be  checked  daily. 


LOCKING 


26 


NARRATIVE 
LESSON  I 

Operation 

The  most  versatile  piece  of  test  equipment  available  to  the  technician  is  the 
oscilloscope.  The  oscilloscope  enables  the  technician  to  graphically  display 
voltage  amplitude,  shape,  phase,  and  frequency  of  a  waveform.  All  this  means 
is,  that  you  can  see  a  picture  of  what  is  actually  taking  place  in  the  circuit 
that  is  being  checked.  The  oscilloscope,  with  the  addition  of  various  acces¬ 
sories,  can  do  a  number  of  other  more  advanced  operations. 

Let's  find  out  how  the  oscilloscope  does  all  of  this. 

The  display  screen  is  the  front  or  "face"  of  a  cathode  ray  tube,  commonly 
abbreviated  as  CRT.  In  operation,  there  is  a  spot  of  light  on  this  screen 
called  the  "trace  spot."  This  trace  spot  is  moved  from  left  to  right  across 
the  screen  by  electronic  circuits  in  the  oscilloscope  called  the  "horizontal 
sweep  circuits."  The  time  it  takes  the  trace  spot  to  move  from  left  to  right 
across  the  screen  can  be  varied.  These  changes  are  precisely  calibrated  so 
that  the  speed  of  horizontal  movement  represents  an  exact  amount  of  time.  If 
the  trace  spot  is  moved  across  the  screen  fast  enough,  it  will  appear  to  be¬ 
come  a  solid  line.  This  line  is  commonly  called  a  "line  trace"  or  "sweep." 

The  length  of  this  line  trace  (maximum  left  to  right  movement)  is  pre-determined 
by  internal  circuitry.  This  line  trace  or  sweep  is  the  heart  of  the  oscillo¬ 
scope.  Without  the  trace,  it  would  be  impossible  to  display  anything  on  the 
oscilloscope. 

The  trace  spot  can  also  be  deflected  vertically.  This  deflection  is  created 
by  the  signal  being  measured.  The  size  of  the  signal  being  displayed  can  be 
amplified  or  reduced  so  the  signal  may  be  more  clearly  observed  and  accurately 
measured.  The  capability  to  amplify  or  reduce  the  size  of  the  signal  is  pre¬ 
cisely  calibrated  so  that  a  specific  signal  voltage  will  cause  the  trace  spot 
to  be  deflected  a  specific  distance  on  the  face  of  the  CRT. 

Combining  the  vertical  movement  of  the  trace  spot,  caused  by  the  signal  being 
measured,  with  the  left  to  right  movement  of  the  trace  spot,  caused  by  the 
internal  horizontal  sweep  circuitry,  will  produce  a  graphic  display.  This 
display  is  commonly  called  the  "waveform"  of  the  signal.  This  graphic  wave¬ 
form  is  plotted  against  time  in  the  horizontal  axis,  and  amplitude  in  the 
vertical  axis. 

This  is  a  very  basic  explanation  of  how  an  oscilloscope  does  what  it  does. 

The  oscilloscope  you  will  be  using  is  a  "Tektronix  545B."  With  the  exception 
of  the  physical  placement  of  controls  and  control  names,  the  information  con¬ 
tained  in  this  lesson  can  be  applied  to  virtually  any  general  oscilloscope. 


ED 
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Now  let's  discuss  the  basic  controls  of  the  oscilloscope.  Each  control  on 
the  oscilloscope  has  a  definite  affect  on  the  waveform  presented  on  the  CRT. 
As  the  basic  controls  are  discussed  in  this  lesson,  the  control  name  used  in 
this  lesson  will  be  on  the  oscilloscope  you  will  be  using,  with  other  common 
names  for  the  same  control  in  parenthesis.  In  the  job  program  following  this 
lesson,  you  will  get  "hands  on"  experience  operating  the  various  controls. 

ON/OFF 


The  most  important  control  on  the  oscilloscope  is  the  ON/OFF  (POWER)  switch. 

This  switch  is  used  to  energize  or  turn  the  oscilloscope  on.  It  controls  every 
function  of  the  oscilloscope,  either  directly  or  indirectly  by  virtue  of  con¬ 
trolling  whether  or  not  any  power  is  applied  to  the  oscilloscope. 

INTENSITY 

The  INTENSITY  control  of  the  oscilloscope  varies  the  intensity  or  brightness  of 
the  line  trace.  Normally  turning  the  INTENSITY  control  in  a  clockwise  direction 
will  increase  the  intensity  of  the  line  trace  and  turning  it  counterclockwise 
will  decrease  the  intensity.  If  turned  completely  counterclockwise  often  a  point 
will  be  reached  where  the  trace  can  no  longer  be  seen.  If  you  are  using  an 
oscilloscope  and  can't  get  a  line  trace,  there  is  a  good  possibility  that  the 
INTENSITY  control  has  been  turned  down. 

FOCUS  AND  ASTIGMATISM 


After  the  intensity  is  set  to  the  desired  level,  you  are  going  to  want  a  sharp, 
clear,  well  defined  line  trace.  If  the  line  trace  is  blurred  or  fuzzy,  there  are 
two  controls  that  remedy  this  problem.  The  FOCUS  control  varies  the  concentra¬ 
tion  of  the  electron  beam  to  give  a  sharply  defined  trace,  and  the  ASTIGMATISM 
control  varies  the  point  at  which  the  electron  beam  converges  to  improve  trace 
definition  (clarity).  Usually,  the  trace  will  be  set  at  its  clearest  point  with 
the  FOCUS  and  ASTIGMATISM  controls  around  a  mid-range  setting.  The  FOCUS,  and 
ASTIGMATISM  controls  interact  when  being  adjusted.  This  means  that  when  you 
adjust  one  it  might  affect  the  other  control,  necessitating  the  re-adjustment 
of  the  other. 

SCALE  ILLUMINATION 


Most  oscilloscopes  have  a  scale  or  graticule  on  the  face  of  the  CRT.  The  wave¬ 
forms  are  plotted  against  this  graticule  to  make  voltage  and  frequency  measure¬ 
ments.  In  order  to  see  this  graticule  clearly  it  must  be  illuminated.  The 
scale  ILLUM.  control  varies  the  amount  of  light  on  the  scale.  Turning  it 
counterclockwise  will  decrease  the  illumination  and  turning  it  clockwise  will 
increase  the  illumination. 

There  are  5  basic  horizontal  controls  consisting  of  the  HORIZONTAL  DISPLAY,  5X 
MAGNIFIER,  TIME/CM,  VARIABLE  TIME/CM,  and  the  HORIZONTAL  POSITION  controls. 

HORIZONTAL  DISPLAY 

The  HORIZONTAL  DISPLAY  selector  determines  how  the  time  bases  will  be  displayed 
on  the  CRT.  In  the  "A"  position  it  allows  only  TIME  BASE  A  to  appear  on  the 
CRT.  In  the  "B"  position  only  TIME  BASE  B  will  appear  on  the  CRT.  The  other 
positions  are  delayed  functions  and  single  sweep  functions. 
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5X  MAGNIFIER 


The  5X  MAGNIFIER  control,  when  activated,  will  multiply  the  horizontal  sweep  by 
a  preset  factor.  On  the  oscilloscope  you  will  be  using  this  factor  is  5  times. 
On  other  oscilloscopes  this  factor  could  be  anywhere  from  5-100  times.  This 
function  allows  a  waveform  viewed  on  the  oscilloscope  to  be  magnified  to  a 
point  that  only  a  very  small  portion  of  the  original  signal  covers  the  entire 
horizontal  axis  of  the  CRT. 

TIME/CM 


The  TIME/CM  switch  will  determine  the  frequency  (speed)  that  the  trace  spot  moves 
across  the  CRT.  As  you  decrease  the  time  per  centimeter  with  the  TIME/CM  switch, 
the  trace  spot  moves  faster  and  becomes  a  solid  line  or  line  trace.  If  you  in¬ 
crease  the  time  per  centimeter  with  the  TIME/CM  switch,  the  trace  spot  moves 
across  the  face  of  the  CRT  more  slowly.  The  TIME/CM  switch  is  usually  calibrated 
in  seconds,  milliseconds,  and  microseconds.  Each  position  will  represent  a  pre¬ 
set  amount  of  time  it  takes  the  line  trace  to  move  one  division  of  the  graticule 
from  left  to  right.  A  crowded  presentation  can  be  spread  out  by  decreasing  the 
TIME/CM.  A  presentation  that  expands  beyond  the  limits  of  the  CRT  can  be  con¬ 
tracted  for  easier  viewing  by  increasing  the  TIME/CM. 

VARIABLE  TIME/CM 


The  VARIABLE  TIME/CM,  when  in  the  "calibrated"  position,  serves  to  keep  the 
sweep  rate  value  set  by  the  TIME/CM  selector  constant.  If  the  switch  is  in  the 
"uncalibrated"  position,  the  sweep  rate  specified  by  the  TIME/ CM  switch  can  be 
slowed  by  a  factor  of  at  least  2.5X.  When  the  switch  is  in  the  "uncalibrated" 
position  a  lamp  comes  on  to  let  you  know. 

HORIZONTAL  POSITION 


Suppose,  that  while  using  the  oscilloscope,  you  find  the  presentation  is  posi¬ 
tioned  to  the  left  of  the  center  of  the  CRT.  The  position  can  be  changed  by 
simply  adjusting  the  HORIZONTAL  POSITION  control  in  a  clockwise  direction  until 
the  presentation  is  centered  on  the  CRT.  Counterclockwise  movement  of  the 
HORIZONTAL  POSITION  control  moves  the  trace  to  the  left.  The  HORIZONTAL  POSI¬ 
TION  control  governs  only  the  horizontal  movement  of  the  line  trace.  This 
particular  control  also  has  a  course  tuning  (outer  black  knob)  and  a  fine 
tuning  (inner  red  knob)  feature. 

VOLTS/ CM 

Now  that  the  horizontal  controls  have  been  covered,  let's  discuss  the  vertical 
controls.  The  VOLTS/CM  control  adjusts  the  vertical  amplitude  of  the  signal 
viewed  on  the  CRT.  The  VOLTS/CM  switch  is  a  rotary  switch  with  preset  volts 
per  centimeter  divisions.  It  is  usually  calibrated  in  seconds,  milliseconds, 
and  microseconds.  If  your  signal  is  too  small  vertically  to  be  seen  clearly, 
turning  the  VOLTS/CM  switch  clockwise  will  increase  its  size.  If  the  vertical 
signal  is  too  large  to  see  the  entire  signal  on  the  CRT,  turn  the  VOLTS/CM 
switch  counterclockwise  to  decrease  the  size  of  the  signal. 


29 


Narrative 


Lesson  I 


VARIABLE  VOLTS/CM 


The  VARIABLE  VOLTS/CM  control  works  much  in  the  same  way  the  VARIABLE  TIME/CM 
switch  does.  If  in  the  "calibrated"  position,  the  value  set  by  the  VOLTS/CM  will 
remain  constant.  If  in  the  "uncalibrated"  position,  the  vertical  amplitude  of 
the  displayed  waveform  can  be  varied. 

VERTICAL  POSITION 


Suppose  the  vertical  position  of  the  trace  were  such  that  you  couldn't  see  the 
entire  signal.  To  remedy  this  situation,  there  is  a  control  called  the  VERTICAL 
POSITION  control.  This  control  moves  the  trace  position  up  and  down  on  the  CRT. 
Turning  the  control  clockwise  will  move  the  trace  up  and  turning  it  counter¬ 
clockwise  will  move  it  down. 

AC/ DC 


The  AC/DC  switch  determines  what  type  of  coupling  is  used  on  the  input  to  the 
vertical  section.  In  the  DC  position,  the  vertical  input  is  directly  coupled 
allowing  a  DC  signal  to  be  passed  to  the  vertical  section.  When  viewed  on  the 
face  of  the  CRT,  a  DC  signal  is  an  upward  or  downward  shift  of  the  trace.  An 
upward  shift  indicates  a  positive  voltage  and  a  downward  shift  indicates  a  nega¬ 
tive  voltage.  In  Figure  3,  with  no  signal  input,  the  trace  will  be  at  the  other 
line  of  the  graticule.  With  a  +20  volt  DC  signal  input,  the  trace  will  shift 
upward  to  a  point  equivalent  to  +20  volts. 


If  you  have  an  AC  signal  superimposed  on  a  DC  signal,  the  whole  signal  will  shift 
along  with  the  DC  voltage  as  shown  in  Figure  4. 
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In  the  AC  position,  the  input  is  capacitively  coupled  blocking  all  DC  to  the 
vertical  section.  With  the  AC  switch  in  this  position,  there  is  no  shift  in  the 
trace  even  with  a  DC  signal  present.  The  signal  viewed  will  remain  on  the  center 
line  of  the  scale. 

TRIGGER  SLOPE 


Normally,  there  are  3  sources  available  for  use  as  synchronizing  signals.  The 
TRIGGER  SLOPE  control  determines  which  of  these  signals  is  being  used. 

I  NT 

Selecting  the  INT  position  applies  an  internally  generated  signal  to  the  sweep 
to  be  used  to  synchronize  the  waveform. 

EXT 

The  EXT  position  allows  an  external  signal  to  be  applied  to  the  sweep.  This 
external  signal  can  be  from  whatever  source  provides  the  correct  frequency  and 
type  of  signal  necessary  to  synchronize  the  sweep.  Normally  this  external  signal 
comes  from  the  equipment  being  tested. 

LINE 


The  LINE  position  provides  a  synchronizing  signal  of  60  Hz.  This  signal  is  used 
with  input  signals  of  60  Hz  or  any  harmonic  (multiple)  of  60  Hz  (120  Hz,  240  Hz). 

The  +  and  -  for  each  source  determines  on  which  portion  of  the  signal,  +  or  -, 
the  waveform  will  begin. 

TRIGGERING  MODE 

The  TRIGGERING  MODE  control  determines  what  part  of  the  triggering  signal  will 
start  the  waveform  display. 

AUTO 


Permits  normal  triggering  on  simple  waveforms  with  repetition  rates  higher  than 
about  50  Hz  with  no  trigger  signal.  At  a  lower  repetition  rate  the  trigger 
circuit  free  runs  at  approximately  40  Hz  and  triggers  the  time  base  at  this  rate, 
providing  a  reference  trace. 

AC  LF  REF  (Time  Base  A  only)  attenuates  trigger  signal  frequencies  below  about 
30  kHz,  decreasing  their  effect  upon  the  trigger  circuit. 

AC 

Blocks  the  DC  component  of  the  triggering  signal  and  allows  triggering  to  take 
place  only  on  the  changing  portion  of  the  signal.  For  best  triggering  at  high 
frequencies  use  an  AC  coupling  position. 
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DC 

Permits  triggering  on  both  high  and  low  frequency  signals.  For  signals  below 
30  Hz  use  the  DC  position. 

AMPLITUDE  CALIBRATOR 


The  AMPLITUDE  CALIBRATOR  sets-up  the  peak-to-peak  voltage  of  the  square  wave 
that  is  available  at  the  oscilloscope  CAL  OUT  connector. 

MODE 


The  MODE  selector  switch  determines  how  the  signal  will  be  displayed  on  the  CRT. 
For  instance,  by  selecting  A  ONLY  it  tells  the  equipment  to  only  display  the 
waveform  set-up  from  TIME  BASE  A. 
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Introduction 


The  oscilloscope  is  a  rugged  piece  of  equipment.  Aside  from  mechanical  damage 
(dropping,  forcing  controls  and  other  abuses)  an  oscilloscope  is  subject  to 
"burning’1  the  screen  (explained  in  the  text).  The  oscilloscope  will  accept 
input  voltage  to  a  maximum  of  600  volts  peak  without  damage. 

This  job  program  is  designed  to  give  you  "hands  on"  experience  in  using  the 
oscilloscope.  Don't  be  afraid  to  experiment  with  the  controls,  just  keep  in 
mind  to  experiment  carefully. 

Very  high  voltages  exist  inside  the  case  of  oscilloscopes.  DO  NOT  REMOVE  THE 
COVERS. 

ENABLING  OBJECTIVE(S) : 

When  the  student  completes  this  lesson,  he  will  be  able  to: 

1.  CALIBRATE  a  1  OX  probe,  given  an  uncalibrated  10X  probe  and 
oscilloscope. 

2.  IDENTIFY  the  steps  in  the  procedure  used  to  calibrate  a  10X 
probe. 

EQUIPMENT  AND  MATERIAL 

1.  Oscilloscope 

2.  BNC  cable 

3.  Probe 

PROCEDURE 


In  the  first  part  of  this  section,  you  will  learn  how  to  energize  the  oscilloscope 
and  what  the  CRT  controls  do.  In  Lesson  1,  you  learned  the  basic  controls  assoc¬ 
iated  with  an  oscilloscope.  In  this  job  program  you  will  encounter  controls 
found  in  a  more  complex  oscilloscope.  These  new  controls  will  be  discussed  as 
they  are  encountered  in  the  job  program.  "Perform  the  following  steps  on  the 
Tektronix  545B  oscilloscope. 

1.  Make  sure  power  is  OFF  by  pushing  switch  down.  The  power  must  be  off  so 
that  the  oscilloscope  is  not  damaged  when  it  is  plugged-in. 

2.  Attach  power  cords  in  the  back  of  the  oscilloscope  and  to  the  wall  outlet. 

3.  Set  the  CRT  controls  (the  horizontal  row  of  four  knobs  located  beneath 
the  CRT). 


a. 

b. 

c. 


INTENSITY  midrange 
FOCUS  midrange 
SCALE  ILLUM.  midrange 
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CAUTION:  The  screen  can  be  "burned"  producing  a  dark,  dead  spot  on  the 
screen.  "Burning"  is  a  result  of  having  the  trace  spot  in  the  same 
position  for  a  period  of  time  with  the  INTENSITY  turned  up. 

To  prevent  "burning"  the  screen,  follow  these  rules: 

a.  Ensure  the  INTENSITY  control  is  not  beyond  the  midrange. 

b.  Turn  the  INTENSITY  control  clockwise  only  enough  so  that  the 
trace  can  be  easily  seen. 

4.  Energize  the  oscilloscope  by  pushing  the  POWER  switch  up.  When  this  is 
done  the  light  to  the  right  of  the  switch,  and  the  ventilation  fan  comes  on. 

5.  Set  the  MODE  selector  switch  (located  at  the  center  of  the  Type  CA  Plug¬ 
in  Unit)  to  A  ONLY. 

The  next  group  of  controls  you  will  set  are  the  Time  Base  A  TRIGGERING  MODE  and 
TRIGGER  SLOPE.  These  controls  determine  when  the  trace  will  begin  to  sweep  across 
the  screen.  This  action  is  accomplished  by  "holding"  the  trace  spot  at  the  left 
side  of  the  screen  until  it  is  told  to  "go"  by  a  starting  signal  called  a  trigger. 

6.  Set  the  Time  Base  A  TRIGGERING  MODE  switch  (inner  red  knob)  to  AUTO  by  turn¬ 
ing  the  knob  completely  counterclockwise  until  it  stops.  The  AUTO  mode  electron¬ 
ically  sets  the  trigger  level  near  zero,  eliminating  the  need  to  set  the  TRIGGER 
LEVEL  control  that  is  located  just  left  of  the  TRIGGERING  MODE  and  TRIGGER  SLOPE 
knobs. 

7.  Set  TRIGGER  SLOPE  switch  (outer  black  knob)  to  +INT.  This  control  determines 
the  source  of  the  starting  trigger.  It  tells  the  oscilloscope  that  the  signal 
will  be  generated  from  its  own  circuitry  (INT  means  internal).  The  "+"  tells  the 
oscilloscope  to  start  the  trace  on  the  positive  going  portion  of  the  triggering 
signal . 

The  next  group  of  knobs  you  will  set  are  horizontal  sweep  controls. 

8.  Set  the  HORIZONTAL  DISPLAY  switch  (outer  black  knob)  to  A.  When  you  do  this 
a  trace  should  be  visible  on  the  CRT. 

9.  Set  the  5X  MAGNIFIER  switch  (inner  red  knob  on  the  Horizontal  Display  con¬ 
trol)  to  OFF  by  turning  it  completely  counterclockwise. 

10.  Set  the  Time  Base  A  TIME/CM  switch  (outer  black  knob)  located  to  the  left 
of  the  Horizontal  Display  control,  to  .5  mSEC. 

Now  let's  do  some  figuring.  The  time  per  centimeter  switch  (TIME/CM)  is 
in  the  .5  mSEC  position.  How  long  will  it  take  the  trace  spot  to  move  one 
centimeter  on  the  screen? 

(Ans.)  .5  milliseconds 

How  long  will  it  take  to  sweep  from  the  left  to  the  right  side  of  the  scale? 
(Ans.)  .5  mSEC  x  10  centimeters  =  5  milliseconds 
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If  you  set  the  TIME/CM  switch  to  50  mSEC  how  long  would  it  take  the  trace 
spot  to  sweep  from  the  left  side  to  the  right  side  of  the  scale? 

(Ans.)  50  milliseconds  x  10  centimeters  =  500  milliseconds  or  .5  seconds 

11.  Set  the  VARIABLE  TIME/CM  switch  (inner  red  knob)  to  CALIBRATED  by  turning 
it  clockwise  until  it  clicks  and  the  light  goes  out.  The  VARIABLE  control 
allows  you  to  slow  the  sweep  speed  set  by  the  TIME/CM  selector  by  a  factor  of 
2.5X.  However,  when  it  is  in  the  CALIBRATED  position  the  sweep  rate  set  by  the 
TIME/CM  knob  will  remain  constant. 

12.  Illuminate  scale  on  display  surface  by  turning  the  SCALE  ILLUM.  Knob, 
located  just  below  the  CRT,  fully  clockwise.  Note  the  change  in  the  scale 
brightness  as  you  turn  the  control . 

13.  Adjust  the  HORIZONTAL  POSITION  knob  located  above  the  POWER  ON  switch  until 

the  edge  of  the  trace  touches  the  left  graticule  of  the  screen  scale. 

14.  Adjust  the  VERTICAL  POSITION  knob,  located  on  the  CHANNEL  A  portion  of  the 

Type  CA  Plug-in  Unit,  until  the  trace  line  is  centered  on  the  CRT  scale. 

15.  Adjust  the  FOCUS  and  ASTIGMATISM  controls.  If  you  rotate  the  FOCUS  control 

fully  counterclockwise  and  then  fully  clockwise  the  trace  will  become  larger 
and  "fuzzier"  as  you  move  the  control  away  from  its  center  position.  Leave  the 
FOCUS  control  at  its  fully  clockwise  position.  If  you  rotate  the  ASTIGMATISM 
control  fully  counterclockwise  and  then  fully  clockwise  controls  "interact" 
which  means  when  you  turn  the  FOCUS  control  the  thickness  of  the  trace  may  be 
affected,  and  when  the  ASTIGMATISM  control  is  turned  the  sharpness  may  be 
affected.  To  compensate  for  this  action,  it  may  be  necessary  to  adjust  one 
control  and  then  the  other  several  times  to  get  the  trace  set  up  properly. 

16.  Lock  the  probe  line  onto  the  CHANNEL  A  INPUT  connector  located  below  the 
INTENSITY  knob. 

17.  Set  CHANNEL  A  AC/DC  switch  (located  just  below  the  CHANNEL  A  INPUT  con¬ 
nector)  to  AC.  When  this  switch  is  in  the  AC  position  the  input  signal  goes 
through  a  capacitor  which  will  block  any  DC  voltage  present  on  the  signal. 

If  you  are  not  specifically  concerned  with  DC  voltage,  it  is  usually  better  to 
use  the  AC  position. 

Next  you  will  set  the  various  vertical  controls. 

18.  Set  the  CHANNEL  A  VOLTS/CM  switch  to  .1  volts  and  its  VARIABLE  control  to 
"CALIBRATED"  (fully  clockwise). 

Multiply  the  number  of  centimeters  by  the  VOLTS/CM  selector  setting. 

Your  answer  is  the  peak-to-peak  voltage  of  the  waveform. 

19.  Set  the  AMPLITUDE  CALIBRATOR  (located  to  the  right  of  the  HORIZONTAL  POSI¬ 
TION  control)  to  2  volts. 

20.  Insert  the  probe  tip  into  the  CAL  OUT  connector  located  just  below  the 


Job  Program 


Lesson  I 


AMPLITUDE  CALIBRATOR  and  look  at  the  waveform  displayed  on  the  CRT.  The  waveform 
will  have  a  negative  and  a  positive  peak  exactly  2  centimeters  apart,  and,  if  the 
probe  is  calibrated,  the  peaks  will  be  absolutely  flat.  See  Figure  5. 
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If  the  probe  is  over- corrected  the  sweep  will  have  peaks  on  the  leading  edge. 
See  Figure  6. 


If  the  probe  is  under-corrected  the  leading  will  be  rounded.  See  Figure  7. 
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To  calibrate  the  probe,  hold  the  adjusting  collar  with  the  right  hand,  loosen  the 
locking  sleeve  about  one  quarter  turn  with  the  left  hand.  While  watching  the  trace 
on  the  CRT,  turn  the  adjusting  collar  until  the  peaks  are  absolutely  flat.  Now, 
slowly  turn  the  locking  sleeve  until  it  is  "finger-tight".  Look  at  the  waveform  to 
ensure  the  trace  on  the  CRT  hasn't  changed  while  locking  the  probe.  See  Figure  8. 


LOCKING 


Figure  8 


PROGRESS  CHECK 
LESSON  I 


Answer  all  the  questions  in  this  section  and  check  your  responses  with  the 
answer  sheet  on  page  42.  If  you  incorrectly  answered  a  few  of  the  progress 
check  questions,  the  correct  answer  page  will  refer  you  to  the  appropriate  pages 
so  you  can  restudy  the  parts  of  this  lesson  you  are  having  difficulty  with. 

1.  An  oscilloscope  lets  you  see  what  is  taking  place  in  a  circuit  by 

a.  x-raying  the  circuit  under  test  and  producing  a  photographic  dis¬ 
play  of  the  signal. 

b.  graphically  displaying  voltage  amplitude,  wave  shape,  phase  and 
frequency  of  a  waveform. 

c.  graphically  displaying  circuit  current  and  resistance. 

d.  analyzing  the  input  and  output  of  the  circuit  and  producing  a  photo¬ 
graph  of  the  circuit  action. 

2.  The  ON/OFF  switch 

a.  varies  the  brightness  of  the  sweep. 

b.  turns  power  on  or  off. 

c.  varies  the  illumination  of  the  graph  on  the  CRT  face. 

d.  horizontally  positions  the  trace. 

3.  The  FOCUS  control 

a.  varies  the  point  where  the  electron  beam  converges. 

b.  varies  the  brightness  of  the  sweep. 

c.  varies  the  concentration  of  the  electron  beam. 

d.  moves  the  sweep  up  and  down. 

4.  The  INTENSITY  control 

a.  varies  the  brightness  of  the  sweep 

b.  turns  the  power  on  or  off. 

c.  illuminates  the  graph  on  the  CRT  face. 

d.  varies  the  concentration  of  the  electron  beam. 

5.  The  SCALE  ILLUM.  control 

a.  turns  the  power  on  or  off. 

b.  varies  the  brightness  of  the  sweep. 

c.  adjusts  the  oscilloscope  for  a  stable  presentation. 

d.  varies  the  illumination  on  the  graph  on  the  CRT  face. 

6.  The  ASTIGMATISM  control 

a.  varies  the  concentration  of  the  electron  beam. 

b.  turns  the  power  on  or  off. 

c.  varies  the  point  where  the  electron  beam  converges. 

d.  magnifies  the  horizontal  sweep  by  a  preset  factor. 
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7.  The  HORIZONTAL  DISPLAY  control 

a.  magnifies  the  horizontal  sweep  by  a  preset  factor. 

b.  determines  how  the  time  bases  will  be  displayed  on  the  CRT. 

c.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

d.  determines  the  point  at  which  the  sweep  triggers. 

8.  The  5X  MAGNIFIER  control 

a.  magnifies  the  horizontal  sweep  by  a  preset  factor 

b.  moves  the  entire  sweep  horizontally. 

c.  varies  the  amplitude  of  the  vertical  signal  displayed. 

d.  changes  the  coupling  of  the  vertical  input  signal. 

9.  The  TIME/CM  control 

a.  moves  the  entire  sweep  horizontally. 

b.  magnifies  the  horizontal  sweep  by  a  preset  factor. 

c.  picks  the  source  of  the  trigger  signal  for  synchronization. 

d.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

10.  The  HORIZONTAL  POSITION  control 

a.  moves  the  entire  sweep  up  or  down. 

b.  moves  the  entire  sweep  horizontally. 

c.  determines  the  point  at  which  the  sweep  is  triggered. 

d.  magnifies  the  sweep  by  a  preset  factor. 

11.  The  VOLTS/CM  control 

a.  moves  the  entire  sweep  up  or  down. 

b.  varies  the  amplitude  of  the  vertical  signal  displayed. 

c.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

d.  moves  the  entire  sweep  horizontally. 

12.  The  VERTICAL  POSITION  control 

a.  moves  the  entire  sweep  horizontally. 

b.  varies  the  amplitude  of  the  vertical  signal  displayed. 

c.  moves  the  entire  sweep  up  or  down. 

d.  magnifies  the  horizontal  sweep  by  a  preset  factor. 

13.  The  AMPLITUDE  CALIBRATOR  control 

a.  varies  the  amplitude  of  the  vertical  signal  displayed. 

b.  determines  the  amplitude  of  the  square  wave  at  the  CAL  OUT  connector. 

c.  determines  the  amplitude  of  the  triggering  signal. 

d.  moves  the  entire  sweep  up  or  down. 

14.  The  AC/DC  control 

a.  changes  the  coupling  of  the  vertical  input  signal. 

b.  adjusts  the  oscilloscope  for  a  stable  presentation. 

c.  determines  at  what  point  the  sweep  triggers. 

d.  picks  the  source  of  the  trigger  signal  for  synchronization. 
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15.  THE  TRIGGER  SLOPE  control 

a.  determines  the  point  at  which  the  sweep  is  triggered. 

b.  adjusts  the  oscilloscope  for  a  stable  presentation. 

c.  determines  at  what  point  the  sweep  triggers. 

d.  picks  the  source  of  the  trigger  signal  for  synchronization. 

16.  The  TRIGGERING  MODE  control 

a.  picks  the  source  of  the  trigger  signal. 

b.  determines  the  point  at  which  the  sweep  triggers. 

c.  changes  the  coupling  of  the  vertical  signal. 

d.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

17.  The  VARIABLE  TIME/CM  control 

a.  adjusts  the  oscilloscope  for  a  stable  presentation. 

b.  picks  the  source  of  the  trigger  signal  for  synchronization. 

c.  when  calibrated,  holds  the  sweep  speed  constant. 

d.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

THE  FOLLOWING  LIST  IS  TO  BE  USED  TO  ANSWER  QUESTIONS  18-22 

1 .  ON/OFF 

2.  FOCUS 

3.  INTENSITY 

4.  SCALE  ILLUMINATION 

5.  ASTIGMATISM 

6.  HORIZONTAL  DISPLAY 

7.  TIME/CM 

8.  VARIABLE  TIME/CM 

9.  HORIZONTAL  POSITION 

10.  VOLTS/CM 

11.  VARIABLE  VOLTS/CM 

12.  VERTICAL  POSITION 

13.  AMPLITUDE  CALIBRATOR 

14.  AC/DC 

15.  MODE 

16.  TRIGGER  SLOPE 

17.  TRIGGERING  MODE 

18.  5X  MAGNIFIER 

18.  If  you  have  an  oscilloscope  with  a  blank  screen,  the  problem  could  be 
caused  by  which  controls? 

a.  1,  3,  9,  12 

b.  1,  4,  8,  10 

c.  1,  3,  7,  10 

d.  1,  3,  5,  11 
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19.  What  controls  will  cause  a  blurred  presentation  on  the  CRT? 

a.  2,  3 

b.  2,  5 

c.  2,  7 

d.  1,5 

20.  If  the  grid  on  the  CRT  is  not  illuminated,  the  misadjusted  control  is 

a.  2 

b.  8 

c.  4 

d.  3 

21.  A  vertical  signal  that  extends  beyond  the  limits  of  the  CRT  can  be  corrected 

by  using  the _ control. 


a.  12 

b.  15 

c.  9 

d.  10 


22.  A  10:1  probe  attenuates  the  voltage  of  a  measured  signal  by  a  factor  of: 

a.  5 

b.  1 

c.  100 

d.  10 
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ANSWER  SHEET 

FOR 
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CORRECT  ANSWER 

REFERENCE  PAGES 

1. 

b 

6 

2. 

b 

7 

3. 

c 

7 

4. 

a 

7 

5. 

d 

7 

6. 

c 

7 

7. 

b 

7 

8. 

a 

8 

9. 

d 

8 

10. 

b 

8 

11. 

b 

8 

12. 

c 

9 

13. 

b 

11 

14. 

a 

9 

15. 

d 

10 

16. 

b 

10 

17. 

c 

9 

18. 

a 

7,  8,  9 

19. 

b 

7 

20. 

c 

7 

21. 

d 

8 

22. 

d 

5 
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INTRODUCTION 


Learning 

Objectives 

When  you  complete  this  lesson  you  will  be  able  to: 

1.  Set-up  a  square  wave  on  an  oscilloscope 

2.  Calibrate  a  10X  probe 

Testing 

A  test  will  be  given  on  a  Tektronix  545B  oscilloscope  to 
see  if  you  know  how  to  calibrate  a  probe. 

Why  learn 

This 

Procedure 

The  oscilloscope  is  used  to  test  circuits,  study  waveforms, 
measure  voltage  and  current,  and  test  amplifier  responses. 

A  properly  calibrated  probe  is  necessary  for  accurate  measurement. 

Additional 

Resources 

Requi red 

Tektronix  545B  oscilloscope  and  power  supply,  BNC  cable, 
and  a  10X  probe. 
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OVERVIEW 


Directions:  1.  Look  at  the  large  overview  photo  on  the  next  page.  Notice 

that  the  oscilloscope  is  divided  into  5  functional  sections. 
Listed  below  are  the  sections  and  the  general  functions  each 
is  responsible  for. 


Sections 

Power 

Horizontal  controls 

Vertical  controls 

Calibration  and 
Output 


Functions 


on/off  power  controls  , 

determines  the  width  and  hori¬ 
zontal  positioning  of  a  displayed 
signal . 

determines  the  height  and  vertical 
positioning  of  a  displayed  signal. 

has  output  jacks  which  can  be  used 
to  drive  and  synchronize  other 
equipment 


Display 


presents  a  picture  of  the  test 
signal 


2.  The  probe  calibration  procedure  requires  that  the  controls  in 
these  sections  be  set  in  a  certain  way.  The  following  pages  will 
show  you  how  to  do  this. 

3.  Carefully  study  each  step  and  remember  the  setting  and  sequence 
for  all  the  steps. 


CALIBRATION  and 
OUTPUT 


Attach  power  cords 


I 


DEMONSTRATION 


DEMONSTRATION 


Set  HORIZONTAL  DISPLAY  switch  to  A 


m.  • 


HORIZONTAL  DISPLAY 


MAOr 


DEMONSTRATION 


Illuminate  scale  on  the  display  surface 


DEMONSTRATION 


Step  12:  Adjust  VERTICAL  POSITION  of  the  trace. 


m  m  m 


ft  ft  ft’  dK  -  a  Turn  knob  until 

*  trace  is  at  the 

•  ^  -rr — ^  center  of  the 

#  #  '  tP  [scale 


VERTICAL 

POSITION 


‘.-t  ,  a  Aft 

I  ##  4 

§t'  .  Ji.  * 


race  is 
centered  on 
seal  e 


-s%v  P 

\  /  ■  \>‘ 
*.'•  ..  V 

'V  , 


«<V 

V 
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HORIZONTAL 

POSITION 

VilNIit 


DEMONSTRATION 


DEMONSTRATION 


DEMONSTRATION 


Step  20:  Insert  probe  tip  into  CAL  OUT  connector  (continued) 
How  to  correct  it 


Under  compensated  probe 


Over  compensated  probe 


Hold  center  ring  of  probe. 


With  free  hand,  turn  locking 
ring  counterclockwise  until 
it  moves  freely. 


Rotate  tuning  barrel  counter¬ 
clockwise  until  waveform  is 
square. 


Turn  locking  ring  clockwise 
until  secure. 


Hold  center  ring  of  probe. 


With  free  hand,  turn  locking 
ring  counterclockwise  until 
i t  moves  freely. 


Rotate  tuning  barrel  clockwise 
until  waveform  is  square. 


Turn  locking  ring  clockwise 
until  secure. 
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INTRODUCTION 


Learning  When  you  complete  this  lesson  you  will  be  able  to: 

Objectives 

1.  Set-up  a  square  wave  on  an  oscilloscope 

2.  Calibrate  a  1  OX  probe 


Testing  A  test  will  be  given  on  a  Tektronix  545B  oscilloscope 

zq  see  if  you  know  how  to  calibrate  a  probe. 


Why  Learn  The  oscilloscope  is  used  to  test  circuits,  study  waveforms. 

This  measure  voltage  and  current,  and  test  amplifier  response. 

Procedure  It  does  this  by  graphically  displaying  voltage  amplitude, 

wave  shape,  phase, and  frequency  of  waveforms  on  the  CRT. 

A  properly  calibrated  probe  is  necessary  for  an  accurate 
graphic  display. 


Orgainzation  For  easier  learning,  the  procedure  is  divided  into  4  sections 

Of  Training 

Materials  Section  I  Turn  Power  ON 

Section  II  Get  a  Trace 

Section  III  Center  the  Trace 

Section  IV  Tune  the  Probe 


You  will  learn  the  steps  in  each  section  separately, 
then  you  will  practice  all  the  sections  together. 


Additional  Tektronix  545B  oscilloscope  and  power  source,  BNC  cable, 

Resources  and  a  1  OX  probe. 

Required 
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OVERVIEW 


Directions: 


NOTE 

Fold  out  page  101.  Leave  it 
out  for  the  entire  lesson. 


1.  Look  at  the  foldout.  Notice  that  the  oscilloscope  is 
divided  into  5  functional  sections.  Listed  below  are  the 
sections  and  the  general  functions  each  is  responsible  for. 


Sections 


Functions 


Power 


on/off  power  controls 


Horizontal  controls 

Vertical  controls 

Calibration  and 
Output 


determines  the  width  and  horizontal 
positioning  of  a  displayed  signal 

determines  the  height  and  vertical 
positioning  of  a  displayed  signal 

has  output  jacks  which  can  be 
used  to  drive  or  synchronize 
other  equipment 


Display 


presents  a  picture  of  the  test 
signal 


2.  The  probe  calibration  procedure  requires  that  the  controls 
on  these  sections  be  set  in  a  certain  way.  The  rest  of 
this  lesson  will  show  you  how  to  do  it. 
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HOM  TO  USE  TRAINING  MATERIALS 


Directions: 


1 


1.  This  lesson  will  be  presented  in  a  way  that  might  be  new 

to  you.  The  following  information  will  help. 

a.  Each  step  is  presented  in  terms  of  the  ACTION  you  will 
perform  on  the  oscilloscope. 

b.  If  the  ACTION  of  a  certain  step  makes  the  oscilloscope 
do  something  (display  a  trace  line  on  the  CRT)  it  will 
be  presented  under  the  heading  of  a  RESPONSE. 

c.  If  in  a  certain  step  there  is  a  possibility  that 
something  can  go  wrong  and  would  need  troubleshooting, 
it  will  be  presented  under  the  headings  of  WHAT  CAN 
GO  WRONG  and  HOW  TO  CORRECT  IT. 


2.  Take  your  time  and  learn  each  step  correctly. 

3.  After  each  step  you  will  be  required  to  recall  the  ACTION 
and  RESPONSE,  and  WHAT  CAN  GO  WRONG  and  HOW  TO  CORRECT  IT 
when  necessary. 

4.  For  best  results,  follow  all  instructions. 


Lock  probe  line 
onto  input 
connector 


CHECK  YOUR  MEMORY 


Step  15:  Connect  probe  line  to  CHANNEL  A  input  connector 

Directions  1.  Point  through  the  action  on  the  foldout. 
Action  -  -  -  - 


2.  To  check  your  answers  turn  back  to  page  77 
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TRAINING 


CHECK  YOUR  MEMORY _ 

Step  16:  Set  CHANNEL  A  DC/AC  coupling  switch  to  AC 

Directions  1.  Point  through  the  action  and  response(s)  on  the  foldout 
and  recall  the  note  for  this  step. 

Action  -  -  -  - 


2.  To  check  your  answers  turn  to  page  21 


CHECK  YOUR  MEMORY 


Step  17:  Set  CHANNEL  A  VOLTS/CM  switch  to  .1  VOLTS 

Directions  1.  Point  through  the  action  on  the  foldout  and  recall  the 
note  for  this  step. 

Action  -  -  -  - 

2.  To  check  your  answers  turn  back  to  page  81 
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Step  18:  Set  VARIABLE  VOLTS/CH  switch  to  CALIBRATED. 

Purpose:  Ensure  that  values  set  in  step  17  do  not  fluctuate 


Action 


CHECK  YOUR  MEMORY 


Step  18: 

Directions 


Set  VARIABLE  VOLTS/CM  switch  to  CALIBRATED 

1.  Point  through  the  action  on  the  foldout. 
Action  -  -  -  - 

2.  To  check  your  answers  turn  back  to  page 
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ARE  YOU  REMEMBERING  TO  POINT  THROUGH  THE  STEPS? 


TRAINING 


CHECK  YOUR  MEMORY 


Step  19:  Set  AMPLITUDE  CALIBRATOR  to  2  VOLTS 

Directions:  1.  Point  through  the  action  on  the  foldout  and  recall 

the  note  for  this  step. 

Action  -  -  -  - 

Note  ----- 

2.  To  check  your  answers  turn  back  to  page  85. 


06 


:'*‘Obt’  is  under- 
•  per-.  J ted  so 

waveform  is  dis¬ 
torted 


TRAINING 


Step  20:  Insert  probe  tip  into  CAL  OUT  connector  (continued) 
How  to  correct  it 


Under  compensated  probe 


Hold  center  ring  of  probe. 


With  free  hand,  turn  locking 
ring  countercl ockwi se  unti 1 
it  moves  freely. 


Rotate  tuning  barrel  counter¬ 
clockwise  until  waveform  is 
square. 


Turn  locking  ring  clockwise 
until  secure. 


Over  compensated  probe 


Hold  center  ring  of  probe. 


With  free  hand,  turn  locking 
ring  counterclockwise  until 
it  moves  freely. 


Rotate  tuning  barrel  clockwise 
until  waveform  is  square. 


Turn  locking  ring  clockwise 
until  secure. 


NOTE 

It  is  important  to  tune  the  probe 
correctly,  so  that  you  can  get  an 
accurate  picture  of  the  input  signal. 

. t, . 
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CHECK  YOUR  MEMORY 


Step  20: 

Directions 


Insert  probe  tip  into  CAL  OUT  connector 

1.  Point  through  the  action  and  response(s)  on  the  foldout 
and  recall  what  can  go  wrong,  how  to  correct  it,  and  the 
note  for  this  step. 

Action  -  -  -  - 

Response(s)  -  -  -  - 

What  can  go  wrong  (1)  —  — 

(2)  -  -  -  - 

How  to  correct  it  (1)  -  -  -  - 

(2)  -  -  -  - 

Note  -  -  -  - 


2.  To  check  your  answers  turn  to  page  87-89 


CHECK  YOUR  MEMORY 


Step  21:  Adjust  FOCUS  and  ASTIGMATISM  controls 

Directions  1.  Point  through  the  action  and  the  response(s)  on 

the  foldout. 

Action  -  -  -  - 

Response(s)  -  -  -  - 

2.  To  check  your  answers  turn  to  page  91 
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STEP  SEQUENCE  DRILL 


Directions: 


1.  Follow  the  "roadmap"  on  the  next  page  and  trace  the  sequence 
of  steps  with  your  finger. 

2.  Remember  the  location  and  sequence  of  each  control  used. 
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STEP  SEQUENCE  DRILL  (cont. 


Directions: 


1. 


Use  your  finger  and  trace  the 
on  the  foldout  (page  101  ). 


step  sequence  you  just  learned. 


2. 


3. 


To  check  your  performance  look  back  at  the  "roadmap"  on  page  94. 


Keep  practicing  until  you  can  trace  the 
looking  back  or  making  any  mistakes. 


step  sequence  without 
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TEST 


Directions 


1.  Describe  in  your  own  words  the  activities  for  each  step  listed 
below,  and  point  on  the  foldout  to  the  controls  used  in  each 
step. 

2.  If  you  need  to  check  your  answers: 

-  look  on  page  27-99 . 

3.  If  you  make  mistakes: 

-  pracitce  the  steps  you  missed 

-  keep  taking  this  test  until  you  make  no  errors 


Step  15: 

Connect  probe  line  to 

CHANNEL  A  input  connector 

Step  20:  Insert  probe  tip 
CAL  OUT  connector 

into 

Action: 

Action: 

Step  16: 

Set  CHANNEL  A  DC/AC 

Response: 

coupling  switch  to  AC 

Action: 

What  can  go  wrong 

:  (1) 

(2)  n 

Step  17: 

Set  CHANNEL  A  VOLTS/CM 
switch  to  .1  VOLTS 

How  to  correct  it 

:  (1) 

(2)  H 

Action: 

Note: 

Step  18: 

Set  VARIABLE  VOLTS/CM 
switch  to  CALIBRATED 

Step  21:  Adjust  FOCUS  and  i 
controls 

ASTIGMATISM 

Action: 

Action: 

Step  19: 

Set  AMPLITUDE  CALIBRATOR 

Response: 

switch  to  2  VOLTS 

Action: 

Note: 

PAY  SPECIAL  ATTENTION  TO  THE  STEP  LOCATION  AND  SETTINGS. 
YOU  WILL  HAVE  TO  KNOW  THEM  ALL  ON  THE  FINAL  TEST. 
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TEST: _ _ _ 

An  swer  s :  ~ 

Step  15:  Connect  probe  line  to  CHANNEL  A  input  connector. 


Purpose:  So  chat  the  signal  picked-up  by  the  probe  can  be 
input  to  the  oscilloscope. 


Step  15:  Set  CHANNEL  A  DC/AC  coupling  switch  to  AC 

Purpose:  In  this  procedure  only  AC  signals  need  to  be 
displayed. 

Step  1 J:  Set  CHANNEL  A  VOLTS/CM  to  .1  volts 

Purpose:  With  this  switch  you  can  set  the  value  of  each 
square  on  the  vertical  axis  of  the  CRT  scale. 

■  ■  ■  '■ 

Note:  The  VOLTS/CM  selector  determines  how  many  volts  is 

* tt  m  *  represented  by  each  square  of  the  vertical  portion 
of  the  display. 


Step  18:  Set  VARIABLE  VOLTS/CM  switch  to  CALIBRATED. 

Purpose:  Ensure  that  values  set  in  step  18  do  not  fluctuate. 

Step  19:  Set  AMPLITUDE  CALIBRATOR  to  2  volts. 

Purpose:  Defines  the  height  of  the  square  wave  that  will  be 
displayed  in  the  next  step. 


Cau^onJ  There  are  two  scales  on  this  knob,  sec  for  1/1000  volts 
™  (mVolts)  and  one  for  VOLTS.  Be  sure  to  use  the  correct 
one. 


15-  Lock  probe 
line  onto  input 
connector 


IS. 


Push  switch 
down 


17.  Turn  outer 
knob  until  dot  is 
at  .1  VOLTS 


IS-  Turn  inner 
knob  clockwise 
until  it  clicks 
and  stops 
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TEST: _ _ 

Answers: 

Step  20:  Insert  probe  tip  into  CAL  OUT  connector 

Purpose:  So  the  signal  generated  at  the  CAL  OUT  connector 
can  be  displayed  on  CRT. 

Response:  Waveform  appears  on  CRT. 

What  can  go  wrong:  1.  Probe  is  under  tuned  so  waveform  is 

disturbed. 


2.  Probe  is  over  tuned  so  waveform  is 
disturbed. 


How  to  correct  it:  1.  (a)  hold  center  ring  of  probe 


(b)  with  free  hand,  turn  locking  ring 
counterclockwise  until  it  moves 
freely. 

(c)  rotate  tuning  barrel  counterclock- 
wise  until  waveform  is  square 

(d)  turn  locking  ring  clockwise  until 
secure 

(a)  hold  center  ring  of  probe 


20. Unscrew  end  of| 
connector  and 
insert  probe  tip. 
Tighten  end  until 
probe  is  secure. 


(b)  with  free  handk  turn  locking 
ring  counterclockwise  until  it 
moves  freely 

(c)  rotate  tuning  barrel  clockwise 
until  waveform  is  square. 

(d)  turn  locking  ring  clockwise  until 
square. 

Notes  #1  The  desired  waveform  is  called  a  square  wave. 

A  square  wave  is  flat  on  the  top  and  bottom,  and 
all  its  angles  are  90°. 

#2  It  is  Important  to  tune  the  probe  correctly  so  that 
you  get  an  accurate  picture  of  the  input  signal. 


MIS  PAGE  IS  PEST 
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TEST: 


Answers : 

Step  21:  Adjust  FOCUS  and  ASTIGMATISM  controls 
Purpose:  To  sharpen  display 
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SCRIPT  FOR  BRIEFING  STUDENTS 


INTRODUCTION 

The  study  In  which  you  are  participating  is  an  evaluation  of  three 
different  methods  for  learning  a  procedural  task;  more  specifically,  learning 
how  to  calibrate  an  oscilloscope  probe. 

The  Navy  spends  millions  of  dollars  each  year  training  seamen,  like 
yourself,  how  to  operate  and  maintain  expensive  and  complex  equipment.  The 
Chief  of  Naval  Education  and  Training  sponsors  studies  like  this  one  to  find 
ways  to  improve  and  enhance  existing  Navy  training  programs. 

The  purpose  of  this  evaluation  is  to  determine  which  of  these  three 
training  materials  results  in  the  best  performance  and  recall  of  how  to 
calibrate  an  oscilloscope  probe. 

For  the  next  2  hours  you  will  be  involved  in  a  series  of  study  sessions 
and  short  tests.  You  will  be  limited  to  1 H  hours  of  total  study  time.  I 
will  give  you  the  necessary  Instructions  for  each  step  as  we  come  to  them. 

INITIAL  STUDY  PHASE 

The  first  thing  I  would  like  you  to  do  is  to  read  this  handbook  just  one 
time  through.  Pay  special  attention  to  any  instructions  given  in  the  hand¬ 
book  and  carefully  study  all  parts  of  It.  If  you  need  any  assistance,  feel 
free  to  ask  me.  When  you  are  finished,  close  the  book,  you  will  then  be 
given  a  short  performance  test  on  the  oscilloscope  and  a  22-question  multiple- 
choice  test.  You  may  open  the  book  and  begin. 

PERFORMANCE  TEST 

When  I  tell  you  to  begin,  try  to  calibrate  the  probe  on  this  oscillo¬ 
scope  in  the  same  way  it  was  presented  to  you  In  the  study  material.  Try  to 
remember  the  same  sequence  of  steps  and  control  settings.  You  are  not  expected 
to  get  the  entire  procedure  correct  this  time,  but  do  the  best  you  can.  I 
will  be  recording  errors  and  keeping  track  of  the  time  it  takes  you  to  perform 
the  task.  You  may  begin. 

JOB  KNOWLEDGE  TEST 

The  purpose  of  this  test  Is  to  get  an  Indication  of  how  well  you  under¬ 
stand  the  concepts  and  job  knowledge  information  presented  in  your  handbook. 
Read  each  question  carefully  and  blacken  In  your  answer  on  the  attached 
answer  sheet.  You  may  begin. 

PRACTICE  PHASE 

For  the  next  minutes  (1.5  hrs.  minus  the  time  in  Initial  study 

trial  for  each  S)  you  will  be  required  to  re-read  and  study  our  training 
handbook.  Pay  special  attention  to  those  steps  and  control  settings  you  had 
problems  with  during  the  performance  test.  I  will  tell  you  when  your  allotted 
time  is  up;  then  you  will  once  again  go  to  the  equipment  and  perform  the 
calibration  procedure.  You  may  open  the  book  and  begin. 
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PRACTICE  PHASE 

When  I  tell  you  to  begin,  calibrate  the  oscilloscope  probe  using  the 
same  sequence  of  steps  and  control  settings  that  you  just  finished  studying. 
I  will  once  again  record  errors  and  keep  track  of  the  time  It  takes  you  to 
perform  the  task.  You  may  begin. 


-  after  test  - 

You  have  just  completed  this  portion  of  the  evaluation.  In  1  week  you 
will  return  to  take  one  more  performance  test.  In  the  Interim,  do  not  attempt 
to  rehearse  the  procedure  or  study  any  materials  about  the  oscilloscope. 

RETENTION  PHASE  TEST  (1  week) 

Take  2  minutes  to  look  at  the  oscilloscope  to  familiarize  yourself  with 
the  equipment,  and  try  to  recall  the  steps  of  the  calibration  procedure. 

When  I  tell  you  to  begin,  calibrate  the  probe— try  to  remember  the  exact 
sequence  of  steps  and  control  settings  that  you  learned  last  week.  Once 
again,  I  will  record  errors  and  keep  track  of  the  time  It  takes  you  to  per¬ 
form  the  task.  You  may  begin. 
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JOB  KNOWLEDGE  TEST 

Answer  all  the  questions  in  this  section  and  check  your  responses  with  the 
Answer  Sheet  provided. 

1.  An  oscilloscope  lets  you  see  what  is  taking  place  in  a  circuit  by 

a.  X-raying  the  circuit  under  test  and  producing  a  photographic  display 
of  the  signal 

b.  graphically  displaying  voltage  amplitude,  wave  shape,  phase  and 
frequency  of  a  waveform 

c.  graphically  displaying  circuit  current  and  resistance 

d.  analyzing  the  input  and  output  of  the  circuit  and  producing  a  photo¬ 
graph  of  the  circuit  action. 

2.  The  ON/OFF  switch 

a.  varies  the  brightness  of  the  sweep 

b.  turns  power  on  and  off 

c.  varies  the  illumination  of  the  graph  on  the  CRT  face 

d.  horizontally  positions  the  trace. 

3.  The  FOCUS  control 

a.  varies  the  point  where  the  electron  beam  converges 

b.  varies  brightness  of  the  sweep 

c.  varies  the  concentration  of  the  electron  beam 

d.  moves  the  sweep  up  and  down. 

4.  The  INTENSITY  control 

a.  varies  the  brightness  of  the  sweep 

b.  turns  the  power  on  and  off 

c.  illuminates  the  graph  on  the  CRT  face 

d.  varies  the  concentration  of  the  electron  beam. 

5.  The  SCALE  ILLUM.  control 

a.  turns  the  power  on  and  off 

b.  varies  the  brightness  of  the  sweep 

c.  adjusts  the  oscilloscope  for  a  stable  presentation 

d.  varies  the  illumination  of  the  graph  on  the  CRT  face. 

6.  The  ASTIGMATISM  control 

a.  varies  the  concentration  of  the  electron  beam 

b.  turns  the  power  on  and  off 

c.  varies  the  point  where  the  electron  beam  converges 

d.  magnifies  the  horizontal  sweep  by  a  preset  factor. 
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7.  The  HORIZONTAL  DISPLAY  control 

a.  magnifies  the  horizontal  sweep  by  a  preset  factor 

b.  determines  how  the  time  bases  will  be  displayed  on  the  CRT 

c.  lengthens  or  shortens  the  sweep  with  respect  to  time 

d.  determines  the  point  at  which  the  sweep  triggers. 

8.  The  5X  MAGNIFIER  control 

a.  magnifies  the  horizontal  sweep  by  a  preset  factor 

b.  moves  the  entire  sweep  horizontally 

c.  varies  the  amplitude  of  the  vertical  signal  displayed 

d.  changes  the  coupling  of  the  vertical  input  signal. 

9.  The  TIME/CM  control 

a.  moves  the  entire  sweep  horizontally 

b.  magnifies  the  horizontal  sweep  by  a  preset  factor 

c.  picks  the  source  of  the  trigger  signal  for  synchronization 

d.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

10.  The  HORIZONTAL  POSITION  control 

a.  moves  the  entire  sweep  up  or  down 

b.  moves  the  entire  sweep  horizontally 

c.  determines  the  point  at  which  the  sweep  is  triggered 

d.  magnifies  the  sweep  by  a  preset  factor. 

11.  The  VOLTS/CM  control 

a.  moves  the  entire  sweep  up  or  down 

b.  varies  the  amplitude  of  the  vertical  signal  displayed 

c.  lengthens  or  shortens  the  sweep  with  respect  to  time 

d.  moves  the  entire  sweep  horizontally. 

12.  The  VERTICAL  POSITION  control 

a.  moves  the  entire  sweep  horizontally 

b.  varies  the  amplitude  of  the  vertical  signal  displayed 

c.  moves  the  entire  sweep  up  or  down 

d.  magnifies  the  horizontal  sweep  by  a  preset  factor. 

13.  The  AMPLITUDE  CALIBRATOR  control 

a.  varies  the  amplitude  of  the  vertical  signal  displayed 

b.  determines  the  amplitude  of  the  square  wave  at  the  CAL  OUT  connector 

c.  determines  the  amplitude  of  the  triggering  signal 

d.  moves  the  entire  sweep  up  or  down. 
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14.  The  AC/DC  control 

a.  changes  the  coupling  of  the  vertical  input  signal 

b.  adjusts  the  oscilloscope  for  a  stable  presentation 

c.  determines  at  what  point  the  sweep  triggers 

d.  picks  the  source  of  the  trigger  signal  for  synchronization. 

15.  The  TRIGGER  SLOPE  control 

a.  determines  the  point  at  which  the  sweep  is  triggered 

b.  adjusts  the  oscilloscope  for  a  stable  presentation 

c.  determines  at  what  point  the  sweep  triggers 

d.  picks  the  source  of  the  trigger  signal  for  synchronization. 

16.  The  TRIGGERING  MODE  control 

a.  picks  the  source  of  the  trigger  signal 

b.  determines  the  point  at  which  the  sweep  triggers 

c.  changes  the  coupling  of  the  vertical  signal 

d.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

17.  The  VARIABLE  TIME/CM  control 

a.  adjusts  the  oscilloscope  for  a  stable  presentation 

b.  picks  the  source  of  the  trigger  signal  for  synchronization 

c.  when  calibrated,  holds  the  sweep  speed  constant 

d.  lengthens  or  shortens  the  sweep  with  respect  to  time. 

THE  FOLLOWING  LIST  IS  TO  BE  USED  TO  ANSWER  QUESTIONS  18-22: 

1 .  ON/OFF 

2.  FOCUS 

3.  INTENSITY 

4.  SCALE  ILLUMINATION 

5.  ASTIGMATISM 

6.  HORIZONTAL  DISPLAY 

7.  TIME/CM 

8.  VARIABLE  TIME/CM 

9.  HORIZONTAL  POSITION 

10.  VOLTS/CM 

11.  VARIABLE  VOLTS/CM 

12.  VERTICAL  POSITION 

13.  AMPLITUDE  CALIBRATOR 

14.  AC/DC 

15.  MODE 

16.  TRIGGER  SLOPE 

17.  TRIGGERING  MODE 

18.  5X  MAGNIFIER 
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18.  If  you  have  an  oscilloscope  with  a  blank  screen,  the  problem  could  be 
caused  by  which  controls? 

a.  1,  3,  9,  12 

b.  1,  4,  8,  10 

c.  1,  3,  7,  10 

d.  1,  3,  5,  11 

19.  What  controls  will  cause  a  blurred  presentation  on  the  CRT? 

a.  2,  3 

b.  2,  5 

c.  2,  7 

d.  1,  5 

20.  If  the  grid  on  the  CRT  is  not  illuminated,  the  misadjusted  control  is 

a.  2 

b.  8 

c.  4 

d.  3 

21.  A  vertical  signal  that  extends  beyond  the  limits  of  the  CRT  can  be 

corrected  by  using  the  control. 

a.  12 

b.  15 

c.  9 

d.  10 

22.  A  10:1  probe  attenuates  the  voltage  of  a  measured  signal  by  a  factor  of 

a.  5 

b.  1 

c.  100 

d.  10 
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ANALYSIS  OF  VARIANCE  SOURCE  TABLES 
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TABLE  F-l .  ANOVA  SOURCE  TABLE  FOR  PERFORMANCE  ERROR  DATA 


Source 

SS 

df 

MS 

F 

Method 

1899.23 

2 

949.61 

43.03** 

Apti tude 

598.53 

1 

598.53 

29.10** 

Method  X  Aptitude 

24.80 

2 

12.40 

.60 

Trials 

1312.14 

2 

656.07 

203.88** 

Method  X  Trials 

209.04 

4 

52.26 

16.24** 

Aptitude  X  Trials 

2.15 

2 

1.08 

.33 

Method  X  Aptitude  X  Trials 

40.04 

4 

Ifi.Ol 

3.11* 

*£<  .05 

**£<  .01 


TABLE  F-2.  ANOVA  SOURCE  TABLE  FOR  PERFORMANCE  TIME  DATA 


Source 

SS 

df 

MS 

F 

Method 

3687.756 

2 

1843.87 

.18 

Aptitude 

93409.200 

1 

93409.20 

9.21* 

Method  X  Aptitude 

9098.866 

2 

4549.43 

.45 

Trials 

427089.066 

2 

213544.53 

61.67** 

Method  X  Trials 

9362.244 

4 

2340.56 

.62 

Aptitude  X  Trials 

13379.288 

2 

6689.64 

.15 

Method  X  Aptitude  X  Trials 

9299.311 

4 

2323.83 

.61 

*£<  .05 
**£<  .01 

TABLE  F-3. 

ANOVA  SOURCE  TABLE  FOR  JOB  KNOWLEDGE  TEST  DATA 

Source 

SS 

df 

MS 

F 

Method 

67.75 

2 

33.88 

5.54** 

Aptitude 

368.04 

1 

368.04 

60.18** 

Method  X  Aptitude 

26.28 

2 

13.14 
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